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Research Highlights
Statistical

mechanics of
solvation

Contributed to developing the modern quasichemical theory of solutions. With my students, I
showed that the quasichemical organization of the potential distribution theorem can be based
on different order parameters, with each choice amounting to a different way of regularizing
free energy calculations. Our work elucidated the relation between the solvation states of the
solute, its interaction with the solvent, and the density fluctuations of the solvent at the scale
of the solvation shell [34,35,45]. Our theory provides a rigorous framework to understand and
interpret solvent effects in chemistry and biology [85].

Protein
hydration

Our framework enabled the first all-atom calculation of the hydration thermodynamics of a
realistic protein, cytochrome C [49]. Subsequent studies not only revealed the limitations of
group additivity in interpreting protein hydration [51,54] but also highlighted the decisive
role played by hydrophilic effects [56,66]. The culmination of this line of research led to the
surprising discovery that for a protein temperature signatures of hydration that have been
attributed to hydrophobic hydration instead arise from hydrophilic effects [83].

Classical &
Ab initio

simulations

The regularization approach enabled the direct calculation of hydration thermodynamics from
ab initio simulations [38,47], avoiding unphysical solute states that can bedevil quantum
chemical calculations. Our studies emphasize the need to understand the role of nuclear
quantum motion in the physics of water and in the phenomena of solvation. Our work also
reveals an unexpected connection between system size dependence of density fluctuations and
its consequence for molecular simulations of hydration, especially of macromolecules [77].

Ions in
biology

Our studies led to the discovery that only a small subset of water molecules in the first
hydration shell sense the type of the ion [34,35]. Our work elucidated the importance of
the bulk solvent in the hydration structure and thermodynamics of soft-ions or its lack of
importance in the hydration of hard ions. These studies open an avenue to explore Hofmeister
effects and ion-selectivity in (bio)molecular structures [33,40,44,46].

Protein-
protein

interactions

I developed a model to predict the osmotic second virial coefficient, B22, of protein solutions
with full account of the molecular structure [2,3]. Our work led to the discovery that a small
number of high complementarity configurations determine the macroscopic B22. Strongly
bound water-of-hydration can either disrupt or facilitate the formation of high complementarity
configurations and hence also affect the B22 [21,22].

Biological
networks

The cellular expression of (bio)macromolecules provides insights into inter-relationships
between the molecules. I contributed to developing an information entropy-based measure
to characterize microarray expression data for microRNAs. This work led to the finding of
“bio-markers” of potential importance in breast cancer [55].

NMR
relaxation

Using atomistic simulation we calculated NMR T1 and T2 for bulk and confined fluids. Our
work shows that the traditional models of inter- and intra-molecular relaxation are inadequate
[63]. This line of research leads to the finding that nano-confinement and not paramagnetism
is the basis of deviations from the traditional theories for alkanes in polymers [79]. Our work
suggests the possibility of interpreting NMR relaxation in terms of relaxation of molecular
modes [82], a step that can aid NMR studies in oil-and-gas exploration and in MRI. Recent
work focuses on electron paramagnetic effects in the presence of Gd3+(aq), a common contrast
agent in MRI [86].
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200,000 hrs Protein stability and protein-protein interactions in ionic liquids (2012)
192,000 hrs Molecular scale studies on aqueous solutions, corrosion, and corrosion inhibitors (2012—2017)
150,000 hrs TACC: Thermodynamics of protein folding (2013)



4200 node hrs TACC: Effects of nano-pore confinement on the hydrocarbon storage and fracture properties
of organic matter: a computational chemistry study integrated with NMR measurements
(2018—2021)

350,000 hrs Effects of nano-pore confinement on the hydrocarbon storage and fracture properties of organic
matter: a computational chemistry study integrated with NMR measurements. Average award
≈116,000 hrs / yr (2017—2021)

1,810,000 hrs Free energy calculations by regularizing binding energies. A framework for modeling ion- and
osmolyte- specific effects in protein solution thermodynamics. Average award ≈260,000 hrs /
yr (2012—2021)

6000 SUs TACC: Free energies by regularizing binding energy distributions: Exploring the role of solvent
on protein hydration (2022)

4000 SUs TACC: Effects of nano-pore confinement on the hydrocarbon storage and fracture properties
of organic matter: a computational chemistry study integrated with NMR measurements
(2022)

100 GPU hrs;
150 CPU node

hrs

Modeling solvent effects in biomolecular structure and phase behavior (2022)

Service
Departmental Service (Rice University)

2016–Present Graduate Studies Committee
2016–Present Graduate Admissions Committee

Departmental Service (Johns Hopkins University)
2007–2011 Graduate Admissions Committee
2008–2011 Departmental Seminar Committee

Organizing
2008–2012 Session chair/co-chair, Thermodynamics at the Nanoscale, AIChE Annual Meeting

2015 Organizing committee, Conference on 25 years of the Statistical Associating Fluid Theory
2015 Organizing committee, Gulf Coast Undergraduate Research Symposium

Professional Associations
Member, American Chemical Society (since 1994)
Member, Biophysical Society (since 2006)
Member, American Physical Society (since 2017)
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